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Declaration Under 37 C.F.R. § JLJ31 

I, Hans Boeve, hereby present the following declarations. 

* 

Before April 22, 2003, while working alone (I being employed at Koninklijkc Philips 

Electronics, N.V.). 

1 . I invented a method and device for providing compensation for the presence of an 
ex ternal magnetic field during programming of a magnetoresistive memory device such as an 
M RAM device. 

2. I prepared and submitted an Invention Disclosure Statement having a two page form with 
a six page attachment, This invention disclosure statenicTil provides details of the solving the 
chal lenges of the influence of an ex ternal magnetic field in the vicinity of the MRAM array 
during MRAM operation through the use of active field compensation. As disclosed and 
exemplified in the present application, there is an array of magnetoresistive memory elements 
comprising a source to apply a current or a voltage for generating a programming magnetic field 
at a selected magnetoresistive memory element. A magnetic field sensor unit measures an 
external magnetic field in the vicinity of the selected magnetoresistive memory element. A. 
compensation circuit tunes the current or voltage for compensating locally for the measured 
external magnetic field during a programming operation. As further exemplified in the present 
application, 1 disclosed a. method for compensating for the presence of an external magnetic field 



during programming of a magnetic memory element, the programming being performed by 
applying an current (Ij>ii, I WO rd) or a voltage for generating a programming magnetic field to the 
magnetic memory element. The method comprises measuring the external magnetic field in the 
vicinity of the magnetic memory element and locally compensating for the external magnetic 
field during the programming operation by tuning the current I word ) or voltage for generating 
the programming magnetic field. 

3. This invention disclosure statement was submitted to the Intellectual Property 
Department before April 22, 2003 , and subsequently used to in the, preparation of the above- 
referenced patent application. 

I hereby declare that all statements made herein of my own knowledge are true. and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



Invention Disclosure 



This form end an annex containing a dataiied description of the invention should be forwarded to 
Mr. Nice van Barschol, Tel. + 31 40 27 44306. Philip* Intellectual Property & Standard*, 
building WAH, Prof. Holsttaan 6, 5656 AA Eindhoven. The Netherlands. 
nlco, van. baracholfliPhiltD*. com , 
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Title of the invention 

Active field compensation during MRAM-write. 


Summary of the invention: 

An analog field sensor is added to a MRAM chip, and its output is used to tune the current levels during a write operation to be able to 
compensate for potential external magnetic fields. This way, the current levels used during a write operation follow the stable write 
field regions that shift with the external magnetic field. 


Detailed description of the invention on annexes; please describe preferred embodiments and their advantages over prior 
solutions in detail; please include drawings, (See page 2) 


Stage and importance of the invention 
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r\ny MrvMrvi application, stano-aione or emoeooeu loowj, in 
particular for 'mobile 1 applications such as smartcards, mobile 
phones, PDA's. ... 
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1999-065 Magnetic RAM technology for non-volatile memories 
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have relevance? 


o iv onier lecnnutogy uince \++) 

ID Identification (+) 

PS Gen. General / Unspecified (+) 


e For which competitors of Philips could the invention have 
relevance ? Why? 


MRAM developers such as IBM, Motorola, Infineon, NEC, HP, 
Samsuna. ... 

Potential MRAM customers in the 'mobile* application area such 
as smartcards, mobile phones, PDA's, ... 


f For which LRTO(s) could the invention have relevance? 


MAT Materials £ Processing (++) 
SDT Silicon Device Technology («•) 


Distribution of information concerning the invention 

When, how and where will information concerning the Invention be 
distributed outside Philips? Please consider publications, hearings, 
exhibitions, offers, contacts with potential customers or suppliers, 
issuing of samples. 

N.B. Even after sending this Invention Disclosure to Philips 
Intellectual Property & Standards, any such acts will impair 
patentability of the invention. Please contact Philips 
Intellectual Property & Standards before information 
concerning the invention leaves Philips. 




Supplemental information concerning the invention 

a is the invention the result of a cooperation with persons outside 
Philips? 

If so, with whom? 




b is there, or will there be, an internal report on the invention? 
If so, please state the number. 




c Are there, or will there be, other invention disclosures relating 
to this invention? 
If so, please state Ref.no. 


Text Redacted 


d Are there other persons who could give information on the 
invention? 
If so, who? 
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ACTIVE FIELD COMPENSATION DURING MRAM-WRITE. 

H. Boeve - Storage Physics - WY 2.47 (WY21) - Tel. 45559 - ha ns.boev eiffiph i 1 ips. com 

I . Introduction 

Magnetoresistive random access memories are being aggressively developed in the 
Text Redacted as unified non-volatile memory technology of the future. 
The storage node consists of a magnetic tunnel junction, having two stable magnetization 
states, which can be addressed using arrays of bit and word lines. At zero magnetic field, 
the stable magnetization states, i.e. parallel and antiparallel alignment of the free storage 
layer with respect to a reference layer, have a large difference in resistance. Reading is 
done through a series transistor to avoid sneak currents through other elements. During a 
write operation, the bit state can be changed in a local magnetic field, generated by 
currents in the bit and word lines. Note that two magnetic field components are used to 
differentiate between the selected bit and other elements. The Figures 1 and 2 on the next 
page give some further information on the MRAM operational principle. 

The switching curve of an element can be represented by its so-called astroid curve as 
shown in Figure 2 (upper left). The astroid curve unambiguously separates switching and 
non-switching events. In other words, if a field is being applied within the astroid, 
elements will not switch and maintain in their state, whereas fields exceeding the astroid 
may switch the element, if the previous state were the opposite one. Therefore, only if 
two magnetic field components are present, the bit state can be switched. 

2. Problem 

As disclose Text Redacted :he influence of an external magnetic field in the vicinity of 
the MRAM array during MRAM operation can lead to different problems, whether 
shielding is present or not. We consider the effect of an external field on reading of data, 
writing operations, and data retention. 

Reading of data : As long as magnetic fields are reasonably small, no issues are expected. 
The presence of a magnetic field may lead to a slight loss of signal due to small changes 
in magnetic alignment of memory devices. However, from the very square resistance / 
field loops obtained for deep sub-micron devices, we know that this effect will be small, 
before ultimately the alignment in the device would switch, which would result in loss of 
data. Therefore, we do not longer consider the influence of an external magnetic field on 
read operation. However, a constraint for any further measures or compensation schemes 
is that they have to allow for read operations. 

Writing of data : A first magnetic field threshold 1 is related to the margins of the current 
windows for writing. This margin will only be a few Oe, e.g. 5% margin on a switching 
field of 50 Oe would result in an absolute margin of only 2.5 Oe. Above this threshold, 
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write operations are dangerous, and may lead to non-intended bit-switching in non- 
selected neighboring devices. 

Data retention : When the memory matrix is exposed to too high a field, loss of data may 
be the consequence. The field threshold 2 corresponds to the minimum astroid curve of 
the memory matrix, taking into account process variations. Note that the field threshold 2 
may be different for magnetic fields applied along different directions. A device to 
'measure' this phenomenon was disclosed Text Redacted 

3. Solution: active field compensation 

Solutions for (local) active field compensation during write operation on a selected 
memory bits are disclosed. Figure 3 shows the effect of an external magnetic field on the 
astroid switching curve of a typical memory element. A feedback mechanism can be 
related to the output of a magnetic field sensor. Note that for active field compensation, 
an analog sensor is required. The magnetic field in the vicinity of the memory matrix can 
be measured in various ways, either 'directly', or 'indirectly'. The first (direct) method 
requires a sensor in the vicinity of the memory matrix, which is ideally based on the same 
technology. An example is disclosed Text Redacted , where analog sensors are 
created from the MRAM stack by rotating the shape over 90 degrees, by which 
orthogonal biasing arises. For conventional MRAM stacks, this will yield a good sensor 
device. Magnetic field sensors can also be incorporated in the MRAM system in a hybrid 
way (indirect measure). 

The sensor output is used as a direct signal for the local, external magnetic field. For a 
reliable write operation, we have to locally compensate for the magnetic field. Text Redacted 
describes an active shielding based on the utilization of write lines for MRAM elements. 
However, write (as well as read) operations are not longer possible. In other words, data 
retention may be guaranteed, but read and write memory operations MUST be 
temporarily disabled. The only option available to allow for reading would be to add an 
extra bit line (on top of the existing bit line), and for write operations, also another word 
line should be added (below the existing word line, cfr Figure 1). From an integration 
point of view this mat be not acceptable. Therefore, the magnetic field has to be 
effectively compensated in the magnetic field generation during a write operation. In 
other words, the currents used during a write operation must be 'tuned' when a magnetic 
field would be present. 

I present a simple current tuning schematic, based on the analog sensor input. Note that 
the sensor(s) or sensor system must give a 2D description of the magnetic field in the 
vicinity of the MRAM array. The effect of the external magnetic field on the astroid 
curve, as well as the required field windows is depicted in Figure 3 for a (negative!) 
external magnetic field being applied along the 45° direction. The 'field threshold 2' is 
shown as the red astroid-like curve. In practice, a simple current tuning scheme can be 
incorporated for fields below this 'field threshold 2'. As a matter of fact, other currents 
have to be applied in order to manipulate the data bits now. As it is not straightforward to 



Hans Boeve 



2/6 



Date Redacted 



- CONFIDENTIAL - 



apply a compensating magnetic field, which would shift the astroid back to zero-field, the 
only option remaining is to tune the current levels in such a way that the required field 
window for write operation is shifted along with the measured external field. 

In a first embodiment 1 , the sensor output is directly used as input to a novel block with 
as function to generate the two compensation currents for the bit and word field (I CO mp_b 
and I com p_w> respectively), i.e. easy and hard axis field, as shown in Figure 4. The current 
sources I CO mp_b and Icomp^w must be bipolar, and ideally able to correct for any field 
between e.g. 'field threshold 1' and 'field threshold 2\ Note however that in the case of 
an external magnetic field close to field threshold 2 being present, the current needed for 
writing may in certain cases nearly double, which may have its implications to the 
highest current levels possible in the memory architecture, e.g. with respect to the 
electromigration limit. Moreover, compensation for fields exceeding 'field threshold 2' is 
in principle possible, but probably not realistic as retention of other memory bits can no 
longer be guaranteed. For too small fields, one may decide not to apply any current 
tuning, as the external fields falls within the write field margins. 

Figure 5 gives an impression of all external fields that can be compensated for, e.g. along 
the 45 degree directions (upper graph), or the easy axis (lower graph). Note that the zero- 
magnetic field point, i.e. the origin of the graphs, always lies within the shifted astroid 
curves, to be able to tune the current levels. If not, 'field threshold 2' was be exceeded, 
leading to a possible loss of data retention. In practice, taking into account current 
limitations along the main axes, magnetic fields within the yellow area may be 
compensated for by current tuning. 

In a second embodiment, the sensor output can be part of a direct feedback loop that is 
generating the required currents using magnetic field nulling along both the easy and hard 
axis. This active component forces the sensor(s) to remain in their zero-state by 
generating a magnetic field that exactly compensates for the external magnetic field in 
the sensor(s). As for MRAM cells, magnetic field generation is done using current lines 
under and/or on top of the sensor(s). If the geometry of the sensor(s) resembles that of the 
memory elements, this compensation current can then be directly fed into the MRAM 
array. In Figure 4, this is schematically depicted by the dashed feedback loop. The 
embodiment can be integrated as a continuous feedback loop (in time). 

4. Summary 

An analog field sensor is added to a MRAM chip, and its output is used to tune the 
current levels during a write operation to be able to compensate for potential external 
magnetic fields. This way, the current levels used during a write operation follow the 
stable write field regions that shift with the external magnetic field. 



Text Redacted 

Current tuning may be not such a difficult option as I initially guessed. It may therefore be important to 
claim a simple analog sensor feedback-system as a separate invention that is taking into account the 
possibility of an external field in the magnetic field pulse generation. 
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Figure J: MRAM operating principle (write-read) for a 1T-1MT J architecture. 
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Figure 2: Write and read strategies for MRAM, in which the information is stored in the 
magnetization direction of the soft layer. During a write operation, bit-addressability is 
provided in the coincident current scheme as depicted in the astroid curve of the soft 
layer. Information is read by resistance, which basically compares the magnetization 
state in the soft and reference layer. 
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Figure 3: Shift of the astroid curve and current windows (triangles) due to an external field H 
(opposite direction). The field threhold 2 ' is represented by the smaller red astroid-like curve. 
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Figure 4: Schematic system for current tuning. Input from a magnetic field sensor is used in the 
compensation field circuit, which effectively may a zero-field feedback system (Embodiment 2), 
generating the compensation currents. 
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Figure 5: Schematical representation of fields that can be compensated for, (upper graph) 
example for fields under 45 degree with respect to main axes, (lower graph) along one of the 
main axes, i.e. easy axis. The yellow region represents the magnetic fields that can be 
compensated for. 
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